Sexual dysfunctions are common, but underrecognized, in patients with chronic kidney disease (CKD) and are inversely associated with the glomerular filtration rate (GFR). Sexual dysfunctions may affect quality of life in males with CKD. The aim of this study was to analyze the relationship among sex hormones, sexual function, and sexual satisfaction in a group of men between 18 and 50 years of age with CKD Stages 1 to 5 not treated with hemodialysis or peritoneal dialysis. Fasting blood samples for hemoglobin, testosterone, prolactin, and luteinizing hormone and questionnaire surveys (Sexual Complaints Screener for Men, International Index of Erectile Function, and Aging Male Symptom scale) were evaluated in 100consecutive men. Higher CKD stage (i.e., lower renal function) had a statistically significant (p < .01) correlation with lower total testosterone, free testosterone, and hemoglobin levels, and higher luteinizing hormone and prolactin levels. Sexual function/dysfunctions were not significantly associated with CKD stage, even after adjustment for age and serum testosterone. The results indicate that CKD stage is a factor affecting testosterone levels in combination with age in men between 18 and 50 years of age at different stages of CKD but not treated with hemodialysis or peritoneal dialysis. Sexual dysfunctions are common but not strongly correlated to testosterone levels, prolactin levels, and survey (Sexual Complaints Screener for Men, International Index of Erectile Function, and Aging Male Symptom scale) responses in patients with CKD.
Introduction
Worldwide, chronic kidney disease (CKD) is reported to occur in more than 10% of the general population, and the incidence is increasing (Hallan et al., 2006; Jha et al., 2013) . CKD affects not only the kidneys but all other vital organs and systems as well (Liu et al., 2014; Panocchia et al., 2016) . Sexual dysfunctions are common in patients with CKD and an underrecognized problem (Anantharaman & Schmidt, 2007; Finkelstein, Shirani, Wuerth, & Finkelstein, 2007) . In addition to CKD stage, other factors-such as diabetes mellitus, cardiovascular problems, sex hormone disturbances, and psychosocial factors-may contribute to sexual dysfunctions (Anantharaman & Schmidt, 2007; Palmer, 2003) . Previous prevalence studies on sexual dysfunctions in men with CKD reported a wide range, from 20% to 80% (Anantharaman & Schmidt, 2007; Finkelstein et al., 2007) , and an inverse association with glomerular filtration rate (GFR; Mehrsai et al., 2006) . Gonadal dysfunctions with elevation of serum gonadotropin concentrations (mainly luteinizing hormone, LH) are a frequent finding, affecting 26% to 66% of men at different stages of CKD (Holley, 2004; Iglesias, Carrero, & Diez, 2012; . Sexual dysfunctions profoundly affect quality of life in patients with CKD, because of anxiety and low selfconfidence, self-esteem, and self-image (Finkelstein et al., 2007) .
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Aim
There are a limited number of studies of sexual dysfunctions and sexual well-being in younger men at different CKD stages and on conservative treatment. Therefore, the present study aimed to analyze the relationship among sex hormones, sexual function, and sexual satisfaction in younger men living with CKD at different stages but not on hemodialysis or peritoneal dialysis. The study hypothesis was that sexual satisfaction is affected in men with CKD and is related to stage of disease as well as hormonal status.
Methods

Participants
The authors performed a cross-sectional analysis from December 2012 to December 2013. The inclusion criteria were (a) age 18 to 50 years at inclusion and (b) being a patient at the Department of Nephrology, Karolinska University Hospital, Stockholm, Sweden. Participants were excluded if they were smokers or former smokers (>3 months), were diagnosed with diabetes mellitus, had a previous renal transplantation, were treated with erectile stimulation drugs or herbal compounds with erectile stimulating effect, or were treated with testosterone replacement therapy. This was done to avoid the wellknown confounding factors for sexual dysfunctions. The study was not designed to investigate the prevalence of sexual dysfunctions in men with CKD but to examine if there were associations among CKD, sexual function, and hormonal status. Patients with diabetes mellitus were excluded because of the well-known association between diabetes mellitus and sexual dysfunctions in men (Andersson, Ekstrom, & Lehtihet, 2015) .
Of the 145 participants available, 100 (69%) met the inclusion criteria and volunteered to provide fasting blood samples and questionnaire responses at the clinical examination. Staging of CKD was done according to the extent of kidney damage and level of kidney function, irrespective of the type of kidney disease (Tsai, Grams, Inker, Coresh, & Selvin, 2014) . Kidney function was expressed as estimated GFR (ml/min per 1.73 m 2 ), using standardized creatinine and cystatin C values and the CKD-EPI 2012 equation (Inker et al., 2012;  Questionnaires were given to the participants during their scheduled visit to the clinic. The participants filled in the questionnaires at home and returned them by mail.
The main questionnaire was the Sexual Complaints Screener for Men (SCS-M), which is a rather new instrument, developed and constructed by an international expert group (Hatzichristou et al., 2010) . The aim was to provide an evidence-based diagnostic tool for assessing sexual problems in medical practice. The instrument covers the past 6 months and includes six questions covering sexual function/dysfunctions, one about the size/shape of the penis, and one on sexual satisfaction. These items are followed by a question on whether a (possible) dysfunction was experienced as distressing (i.e., as a personal problem). In the present study, a dichotomization of the scale into No Complaint (occurring never/almost never or rarely), Complaint (occurring sometimes, often, or almost all the time/almost always), No Problem (experience not at all a problem or a very small problem), and Problem (experience somewhat a problem, a considerable problem, or a very great problem) was done.
Moreover, the questionnaire includes a question as to whether the responder is sexually active or not (not necessarily equal to sexual intercourse/penetration). Level of sexual satisfaction was dichotomized into Satisfying (very satisfying or satisfying) and Not Satisfying (rather satisfying, rather unsatisfying, unsatisfying, or very unsatisfying).
The International Index of Erectile Function (IIEF) is a widely used and validated instrument (Rosen et al., 1997) . In this study, the brief screening version IIEF-5 was used. The total scores are categorized into No ED, Mild ED, Mild to Moderate ED, and Moderate and Severe ED.
The Aging Male Symptom scale (AMS) is a validated scale aiming to assess age-related decline in physical and mental capacity (Heinemann, 2005) . The instrument includes 17 questions pertaining to three domains: psychological, somato-vegetative, and sexual. Based on normed values from a representative population (Heinemann, 2005) , the following categories for total scores have been well defined with good sensitivity and specificity: No Impairment (≤5 points), Little Impairment (6-7 points), Moderate Impairment (8-10 points), and Severe Impairment (≥11 points).
Assays
All blood samples were drawn in the morning (7.00-9.00 a.m.) after an overnight fast (12 h). Total testosterone level was measured with a chemiluminescent immunoassay for quantitative determination of total testosterone in human serum and plasma using the Access Immunoassay System (Beckman Coulter, Inc., Brea, CA). The intra-assay and interassay coefficients of variation for testosterone were less than 5.0%. Free serum testosterone was calculated by the method of Vermeulen (Vermeulen, Verdonck, & Kaufman, 1999) .
LH was determined with an AutoDELFIA (PerkinElmer Life and Analytical Sciences, Turku, Finland) hLH twosite immunoradiometric assay. The intra-assay and interassay coefficients of variation for LH were 1.9% and 2.2%, respectively. Prolactin was measured with a paramagnetic particle chemiluminescent immunoassay (Access SHBG assay UniCel DxI 800, Beckman Coulter). The intra-assay and inter-assay coefficients of variation for prolactin were 3.5% and 5.0%, respectively.
Hemoglobin, creatinine, and cystatin C were measured by the routine chemistry accredited laboratory at the Karolinska University Hospital (Modular P, Roche Diagnostics, Mannheim, Germany).
Reference ranges for healthy men between 18 and 50 years of age are included in the following table.
Statistics
Data were analyzed using IBM SPSS Version 22 (SPSS Inc., Chicago, IL). For hormone analyses, hemoglobin, creatinine, and cystatin C data were expressed as means ± standard deviation. The normality was tested with a probability plot and Kolmogorov-Smirnov one-sample test for normality to approximate normal distribution. Logtransformed values were used for prolactin in the analysis and then back-transformed for data presentation.
On continuous medical measures, one-way betweengroup analyses of variance were performed with Tukey's honest significant difference post hoc tests to detect differences in means between the three groups, and independent t test was performed to detect differences in means between two groups. To test the relationship between the (categorical) variables, cross-tabulations were performed with chi-square test and Fischer's exact test. Spearman rank order correlation was applied for correlation between the variables in SCS-M, IIEF and AMS. Trichotomization for CKD staging was done at CKD Stage 1 (low), CKD Stages 2 to 3 (moderate), and CKD Stages 4 or 5 (high). The decision to trichotomize was taken because Stage 1 constitutes normal GFR, Stages 2 to 3 require some medical treatment, and Stages 4 to 5 entail severely reduced kidney function, and also because five CKD stages would yield insufficient statistical power.
Significance level was set at p < .05 for all statistical analyses (two-tailed).
Results
In Table 2 , the characteristics of the participants' diagnosis and medications are given.
Sexually Active
Five men had not been sexually active during the past 6 months. There were no statistically significant differences between those sexually active and those inactive concerning sexual complaints or their experiences of distress (Table 3) . Nor were there any significant differences between the sexually active and the inactive men in terms of hormonal levels, CKD stage, or sexual satisfaction.
SCS-M: Prevalence and Distress
No sexual complaints were reported by 36% of the men. One complaint was reported by 24%, two complaints were reported by 6%, and 34% had experienced three to seven complaints during the past 6 months (Table 3) . However, the number of responders who experienced these complaints as distressful was less than the actual reported number of complaints. Thus, 65% reported one or more sexual complaints during the past 6 months, but 54% experienced these as distressful.
Analysis
Reference range
Serum testosterone (nmol/L) 10-30 Serum LH (U/L) 1.2-9.6 Serum prolactin (µg/L) 2.6-13 Hemoglobin (g/L)
134-170 Creatinine (µmol/L) <100 Cystatin C (mg/l) <0.99 The prevalence rates of sexual complaints, distress, and CKD stage are reported in Table 4 . The most common complaint in all three groups was lack of, or low, sexual interest or desire, occurring in between 42% and 52% of the men, followed by difficulties with erectile and ejaculatory function.
In CKD Stage 1, distress was mostly expressed for difficulty in getting/maintaining an erection and difficulty in ejaculating/reaching orgasm (37%). In Stages 2 to 3, this was true for erectile function (29%), whereas participants in Stages 4 to 5 found the need for more stimulation to achieve erection to be stressful (40%). Pain during, and shortly after, sexual activity occurred more rarely, but concern about the size or shape of the penis was the case for almost 25% of the men in Stages 1 and Stages 2 to 3 and even more (32%) of those in Stages 4 to 5-leading to distress for almost all of them.
SCS-M, IIEF-5, and AMS
There was no significant correlation between the SCS-M variables and CKD staging (Table 5) or IIEF-5, total AMS and AMS sexual subscale, or the separate variables and CKD staging (Table 6) .
CKD Stages, Age, Hemoglobin Levels, and Sex Hormones
CKD stage was significantly associated with increasing age (r = −.35, p < .001)-see Table 7 . Furthermore, there was a significant decrease in hemoglobin and total testosterone levels with increasing CKD stage (p < .01), whereas LH and prolactin levels were increased significantly with CKD stage (p < .01).
No significant correlation was seen between hormonal levels and the different SCS-M variables, the total IIEF-5 score, or the separate variables, and the same was also noticed for total AMS as well as it's separate variables. There were no significant associations between CKD stage and AMS scale after adjustment for age and testosterone level.
Discussion
It has been reported previously that there is a negative correlation between endogenous testosterone levels and CKD Stages 1 to 5 (Iglesias et al., 2012; Yilmaz et al., 2011) . The mechanism for this is likely to involve, at least to some extent, some alteration or derangement of the male reproductive hormone profile (Holley, 2004) . This supports the current findings of a significant decrease in testosterone levels at the advanced CKD stages. At the advanced CKD stages, a significant increase in the LH level and a pattern of hypergonadotropic hypogonadism were seen. This suggests that uremic metabolites secondary to advanced CKD stage affect the testes more than the hypothalamic or pituitary function. Alternatively, the degradation of uremic metabolites in the hypothalamic or pituitary region is faster and more pronounced than in the testes. An alternative, more trivial, explanation might be that LH and prolactin are polypeptide protein hormones (whereas testosterone is not), whose renal clearance may be impaired as GFR decreases and, hence, the observed elevated levels of LH and prolactin are merely artifactual. A novel finding is that although the testosterone levels decreased significantly as CKD progressed, this was not associated with the sexual dysfunctions measured with SCS-M, IIEF-5, and AMS in this study population. Note. AMS = Aging Male Symptom scale; CKD = chronic kidney disease; GFR = glomerular filtration rate; IIEF = International Index of Erectile Function.
Previous descriptive as well as analytic epidemiological studies have reported that male sexual dysfunctions are quite common, though with great variation worldwide (Lewis et al., 2010) . The reasons for this variation may pertain to differences in the definitions of the dysfunctions, the methods used for the evaluation, and the populations studied. It is, however, clear that ill health is a risk factor for sexual dysfunctions and sexual dissatisfaction (Lewis et al., 2010) . In the present study, as many as 64% of the study participants had experienced one or more sexual dysfunctions during the past 6 months (according to the SCS-M questionnaire). The concurrence of more than one sexual dysfunction supports earlier findings (A. R. Fugl-Meyer, Melin, & Fugl-Meyer, 2002; K. FuglMeyer & Fugl-Meyer, 2002) .
The prevalence of erectile dysfunction among men in the general population until the age of 50 to 55 years is estimated not to exceed 10% (Lewis et al., 2010) . The corresponding figure for the somewhat younger patients in the current cohort at different CKD stages was higher and varied between 23% and 30%. Sexual interest/desire and other sexual dysfunctions showed the same patternthat is, a much higher prevalence of dysfunctions as well as distress compared with the general population.
The enhancing effect of androgens on sexual desire/ interest and sexual function has been unequivocally established at the population level. However, the correlation between testosterone and sexual desire at the individual level is still open to question (Travison, Morley, Araujo, O'Donnell, & McKinlay, 2006) . Furthermore, certain studies have reported a lack of association or only a modest association between testosterone and erectile dysfunction as assessed by IIEF-5 (Ahn, Park, & Lee, 2002; Kang, Ham, Oh, Kim, & Moon du, 2011; Rhoden, Teloken, Mafessoni, & Souto, 2002) . In a previous study with older men, only a moderate improvement of sexual function was seen in those men who were put on testosterone therapy (Snyder et al., 2016) . These findings were confirmed in the present study, even though the CKD stage and age affected testosterone levels in this group of relatively young men with various degrees of kidney disease.
Severe hyperprolactinemia, but not milder forms, has been reported to adversely impact affect sexual desire and erectile function (Corona et al., 2013) . However, the relationship between hyperprolactinemia and erectile function is under debate. Controlled studies evaluating the effect of dopamine agonists on erectile function in men with hyperprolactinemia are inconclusive (Bhasin, Enzlin, Coviello, & Basson, 2007) . In the present study, the men in CKD Stages 4 to 5 (GFR 15-29 mL/min per 1.73 m 2 ) were reported to have hyperprolactinemia. However, no significant associations between hyperprolactinemia and sexual interest/desire or erectile function (as evaluated by SCS-M, two questions, and IIEF-5) were discernible.
Ejaculatory dysfunctions occurred more frequently in the current study's participants than in the general population, particularly in terms of retarded/delayed ejaculation. Difficulty in ejaculating/reaching orgasm was reported in 11% to 32% (Groups 2-3 and Groups 4-5, respectively) of the patients with kidney disease. Furthermore, and somewhat surprisingly, 23% of the patients with CKD expressed concern about the size or shape of their penis, which was distressing for almost all of them.
Fifty-six percent of the Swedish population (aged 18-74 years) have been reported to be sexually satisfied/very satisfied (A. R. , which is much lower than what was expressed by the current study's participants with CKD. Altogether, these results point to the complexity of sexuality, because satisfaction is not only a reflection of sexual function and/or physical function. Multifactorial explanations seem necessary in understanding sexual life, perhaps especially when living with a chronic disease. Psychological and emotional problems, stress, anxiety, and depression (Pastuszak, Badhiwala, Lipshultz, & Khera, 2013) but also social problems, such as economic issues (Idung, Abasiubong, Udoh, & Akinbami, 2012) , have been reported to affect sexual function and sexual satisfaction. The latter probably affects quality of life to a higher extent when dealing with the consequences of living with a severe chronic disease. This may also be an explanation for the nonsignificant association between decreased testosterone levels and sexual dysfunctions. Moreover, for those who have a partner, sexual dysfunctions and the distress caused by them should also be regarded from the partner's perspective as sexual dysfunctions concur to a significant degree (A. R. Skeppner & Fugl-Meyer, 2015; Wagner, Fugl-Meyer, & Fugl-Meyer, 2000) . Thus, questionnaires may not be the only tool when investigating sexuality in populations with chronic diseases. Admittedly, the current study has several limitations. First, this was a cross-sectional observational study performed with a small cohort of patients with different diagnoses and at different CKD stages under different treatment regimens, including antihypertensive treatment and statins. Moreover, a qualitative approach could be considered to deepen the understanding of sexuality when living with CKD. In future studies, evaluation of the partner should be included. This study lacked a healthy control group; however, the participants in CKD Stage 1 were almost healthy and with normal or slightly increased GFR (≥90 mL/min per 1.73m 2 ), therefore a trichotomization for CKD staging with CKD Stage 1 as a reference group was performed.
In conclusion, sexual function/dysfunctions and distress measured by SCS-M and IIEF-5 did not show a significant association to CKD stage or to the AMS scale. Total testosterone and free testosterone levels decreased significantly with advanced CKD stage but without significant associations to sexual function in this subgroup of men between 18 and 50 years of age without diabetes and with CKD Stages 1 to 5 not treated with hemodialysis or peritoneal dialysis.
